INTRODUCTION
When exploration drilling targets are determined from magnetic interpretation it is important to consider whether remanent magnetisation is a factor. If significant remanence is present in the target it is necessary to take into account the direction and intensity of the remanence when performing magnetic modelling, or inversions. Methods exist that allow the total magnetisation of isolated magnetic sources to be estimated (see Clark, 2014) and such methods should also be used when siting drill targets. These calculations and the measurement techniques discussed here are complementary and both should be used when remanent effects have been identified. Breiner (1973) introduced a method to determine the Königsberger ratio (Q) of a core or handsample using the then newly developed total field Cs magnetometer. The instrument described here is an update of that method using a small fluxgate sensor and a protocol to present the sample to the sensor in a controlled procedure that allows the vertical and horizontal magnetisation of the sample to be determined.
METHOD AND RESULTS
Using a total field magnetometer it is possible to make a set of measurements that enable the induced magnetisation to be separated from the remanent magnetisation. If a magnetic rock sample is placed directly along the Earth's field (F) direction from the sensor and rotated until a maximum reading (F 1 ) is detected by the sensor, it can be assumed that the induced and the remanent magnetisation are aligned and the total magnetisation is given by the sum of the induced magnetisation (kF) and remanent magnetisation (Jr):
where r is the distance from the sensor and V is the volume of the rock (the units of r 3 and V cancel, but if the units of F are nT then the units of J become Am -1 ).
By carefully reversing the orientation of the sample by rotating 180° about an axis oriented along magnetic E-W it should be possible to find a minimum sensor reading (F 2 ), in which case:
Now 1) and 2) can be added and subtracted in turn:
From 3) and 4) the Königsberger ratio can be found:
It is also possible to use a directional sensor, such as a fluxgate magnetometer, which can have the added advantage of accurately determining the Earth's field direction. Otherwise the above equations are equally applicable. Breiner (1973) described a method to separate induced magnetisation from remanent magnetisation of a drill core or hand sample using a total field magnetometer, thereby allowing the Königsberger ratio (Q) to be calculated. However, the method does not seem to be in general use, and nor has there been any improvement to the method despite recent developments that greatly facilitate data acquisition using handheld devices or notebook computers. Here a new fluxgate based pendulum instrument is described that allows a more controlled implementation of Breiner (1973) 's method.
SUMMARY
The instrument accommodates samples of varying sizes although best results are yielded using regular, cubic or cylindrical, shaped samples. The instrument is portable and powered from a USB port of a notebook or similar computer. Sensitivity is high enough to yield accurate results for rocks that cause significant magnetic anomalies (~Am -1 ). However, for high Q rocks susceptibility is lost in the noise, and likewise for low Q rocks, remanence is lost in the noise.
The instrument is designed to quickly screen core samples at the drill site, or in a core shed, to alert the exploration team if significant remanence is present in which case the magnetic model of the target may require reconsidering. The instrument is not a replacement for laboratory measurements but potentially should save exploration costs by indicating when laboratory measurements should be undertaken.
Key words: magnetic properties, magnetic susceptibility, remanent magnetization, Königsberger ratio, field measurement. Miniaturised fluxgate magnetometers that can be powered from a USB port have allowed the development of the Qmeter. By using the small fluxgate and a pendulum arrangement in which a magnetic rock may be swung generating a transient signal at the fluxgate the magnetic moment, and magnetisation (assuming the sample volume is known) can be determined. As for Breiner's (1973) method, if the procedure is repeated with the rock reversed in orientation then the induced magnetisation and remanence can be separated and the Königsberger ratio determined. If the strength of the local magnetic field is known then the magnetic susceptibility may be calculated, otherwise it is not a necessary parameter to determine the Königsberger ratio. It is nevertheless best to also have a susceptibility meter to confirm the Qmeter susceptibility value. The instrument is shown in Figure 2 , which displays the pendulum support and the sample holder. The fluxgate and the digital acquisition unit (DAQ) are housed inside the grey box. The (removable) compass allows the instrument to be aligned with the local magnetic meridian.
Apart from aligning the instrument with the magnetic meridian before making the measurements, the sample must also be rotated such that the remanence is also aligned with the meridian. This is achieved by observing the output from the fluxgate while rotating the sample until it reaches a maximum or minimum. The only moving part is the pendulum making maintenance easy. The fluxgate and DAQ device are powered directly from a PC/laptop through a normal USB port. The frame is collapsible and the whole meter fits into a rugged carry case for transporting. Figure 3 shows the peaks generated by swinging the sample in the upright position and inverted position. The voltage for the sample in the upright position is 18 mV (1.001 -0.983 v), while in the inverted position it is -12 mV (0.971 -0.983 V), also listed in Table 1 . By algebraic addition and subtraction the remanent and induced intensities are 9.46 and 1.89 Am-1 respectively. This yields a Q of 5.0. Notice that the remanent and induced components do not need to be explicitly calculated to determine Q, which is the ratio. The Qmeter values compare well with laboratory measurements of 10.8 and 1.4 Am -1 respectively and a Q of 7.8 ( Table 2 ). The theory of the Qmeter is given in Schmidt and Lackie (2014) .
CONCLUSIONS
The Qmeter is a versatile and economical tool that complements other methods for detecting the presence of remanent magnetisations when using magnetic surveys to site exploration drilling targets. The Qmeter does not replace other methods but is rather an additional tool that offers the advantage that it can be used in the field while a drilling programme is underway. The realisation that remanence is present may cause the siting of drill holes to be reconsidered, potentially leading to reduced exploration costs.
